Three strains of lactic acid bacteria, designated NJ 317 T , NJ 414 and NJ 415, were isolated from the outer leaves of Chinese cabbages (Brassica rapa L. var. glabra Regel) and characterized taxonomically. The strains were Gram-reaction-positive, catalase-negative, facultatively anaerobic cocci that did not produce gas from glucose and formed L-lactic acid. The major fatty acids were C 18 : 1 v9c, C 16 : 0 , C 14 : 0 and summed feature 10. Morphological, physiological and phylogenetic data indicated that the strains belonged to the genus Lactococcus. These strains shared similar phenotypic characteristics and exhibited DNA relatedness values .96.6 % to each other, indicating that they represent a single species. The DNA G+C contents of the three strains were 42.1-42.5 mol%. 16S rRNA gene sequences of the novel strains were determined and aligned with those of other species of the genus Lactococcus. On the basis of phylogenetic analysis the three strains grouped with other members of the genus Lactococcus. Lactococcus lactis and Lactococcus garvieae were the most closely related species, sharing a sequence similarity value of 94.4 % with the three strains. Ribotyping patterns, however, revealed that these strains were well-separated from reference strains of species of the genus Lactococcus and DNA-DNA hybridization studies indicated that the novel strains had low levels (,20.2 %) of DNA relatedness with reference strains of L. lactis, L. garvieae and other type strains of previously described species, showing that they represent a different species. Based on this evidence, strains NJ 317 T , NJ 414 and NJ 415 represent a novel species of the genus Lactococcus, for which the name Lactococcus fujiensis sp. nov. is proposed. The type strain is NJ 317 T (5JCM16395 T 5CGMCC 1.10453 T ).
The genus Lactococcus was first established as being distinct from the genus Streptococcus by Schleifer et al. (1985) . The genus Lactococcus encompasses an assemblage of Grampositive, catalase-negative, non-sporulating, cocci-shaped organisms and, at the time of writing, was composed of six recognized species (Cho et al., 2008; Collins et al., 1983; Williams et al., 1990) . This classification is based on phenotypic and genetic characteristics. Genetic relationships between members of the genus Lactococcus and related lactic acid bacteria (LAB) have been studied extensively using 16S rRNA gene sequence analysis and DNA-DNA hybridization techniques, allowing novel species to be added to the genus (Cho et al., 2008) . The results of these experiments clearly indicate that species of the genus Lactococcus exhibit a high degree of 16S rRNA gene sequence similarity with each other and form a phylogenetically coherent group that is quite separate from other LAB (Cai, 1999; Collins et al., 1989) .
Species of the genus Lactococcus are widely distributed in a variety of fermented foods, dairy products and plant and animal materials (Cai et al., 1998; Chen et al., 2001; Collins et al., 1983 Collins et al., , 1989 Duan et al., 2008; Schleifer et al., 1985; Williams et al., 1990) . There have been several reports (Ennahar et al., 2003; Yang et al., 2010) of lactococci occurring as part of the dominant microbial population of forage crops or vegetables where they may be contributing to silage fermentation or vegetable pickling. Some isolates from vegetables have been identified as belonging to previously described species of the genus Lactococcus (Yang et al., 2010) . However, in our experience some isolates cannot be identified as members of any of these previously described species. In the present study, strains of LAB isolated from three samples of vegetable matter were examined. The morphological and physiological characteristics of three strains, designated NJ 317 T , NJ 414 and NJ 415, were determined and 16S rRNA gene sequence analysis and DNA hybridization experiments were performed to determine their taxonomic position, the results of which revealed that the three strains represented a novel species of the genus Lactococcus, for which the name Lactococcus fujiensis is proposed.
Vegetable samples were collected from a local commercial vegetable factory (Fujiyama factory, Matsuya Foods Company, Fujinomiya, Shizuoka, Japan). Three samples were taken from the outer leaves of Chinese cabbages (Brassica rapa L. var. glabra Regel). Three strains were isolated from these samples by using MRS agar (Difco) and incubating at 30 u C for 48 h in an anaerobic box (TE-HER Hard Anaerobox, model ANX-1; Hirosawa, Tokyo, Japan) or an aerobic incubator.
Morphological characteristics and Gram reactions of the LAB were determined after 48 h of incubation on MRS agar and cells and spores were examined using microscopy. Catalase activity and gas production from glucose were determined using the methods of Kozaki et al. (1992) . Growth at different temperatures was observed in MRS broth at 5, 10 and 15 u C for 14 days and at 20, 25, 30, 35, 40 and 45 u C for 7 days. Tolerance of NaCl was determined in MRS broth containing between 0 and 15 % (w/v) NaCl at intervals of 1 %. Growth at pH 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 7.0 and 8.0 was determined in MRS broth at 30 u C for 7 days. Carbohydrate fermentation tests were carried out using the API 20 A and API 50 CHL systems and tests for enzymic activities were carried out using the API ZYM system (bioMérieux) according to the manufacturer's instructions. A loopful of cells from an established culture of each strain was harvested for fatty acid methyl ester (FAME) analysis. Saponification, methylation, extraction and determination of cellular fatty acid profiles were conducted as described by Sakamoto et al. (2002) .
For 16S rRNA gene sequencing analysis, cells grown for 8 h in MRS broth at 30 u C were used for DNA extraction and purification as described by Cai et al. (1999a) . Amplification of the 16S rRNA genes of the three novel strains was carried out in a thermal cycler (GeneAmp PCR System 9700; PE Applied Biosystems) using the PCR method described by Cai et al. (1999a) and reagents from a Takara Taq PCR kit (Takara Shuzo). Sequencing was performed twice on both strands by using the dideoxy method of Sanger et al. (1977) and a PRISM BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems) in combination with an Applied Biosystems model 310A automated sequencing system. Sequence similarity searches were performed using the BLAST program in the GenBank database. The sequence information was then imported into the CLUSTAL W software program for assembly and alignment. The 16S rRNA gene sequences of strains NJ 317 T , NJ 414 and NJ 415 were compared with sequences from type strains of other LAB held in GenBank. Nucleotide substitution rates (K nuc ) were calculated (Kimura & Ohta, 1972) and phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution and maximumparsimony methods in the MEGA version 4.0 software package (Tamura et al., 2007) , according to the Kimura two-parameter model (Kimura, 1980) . Bacillus subtilis NCDO 1769 T was used as the outgroup. Tree topology was evaluated by bootstrap analysis of the sequence data in MEGA version 4.0 software based on 1000 resamplings.
For ribotyping, the automated RiboPrinter microbial characterization system (Qualicon TM) was used in accordance with the manufacturer's instructions, using EcoR I as a restriction enzyme. Ribopatterns were analysed by using BioNumerics version 2.5 software (Applied Maths) and compared using Pearson similarity coefficient analysis and the unweighted pair group method with arithmetic mean (UPGMA).
For DNA base composition and DNA-DNA hybridization tests, DNA was extracted from cells grown in MRS broth culture for 8 h at 30 u C and purified using the procedure of Saito & Miura (1963) . Base composition was determined by following the method of Tamaoka & Komagata (1984) using HPLC after enzymic digestion of the DNA to deoxyribonucleotides. An equimolar mixture of deoxyribonucleotides in a GC kit (Yamasa Shoyu) was used as the quantitative standard. DNA-DNA relatedness was determined by the method of Ezaki et al. (1989) by using photobiotin and microplates (Cai et al., 1999b) .
The three novel isolates were Gram-reaction-positive, catalase-negative, facultatively anaerobic cocci that did not produce gas from glucose and produced L-lactic acid. Cells were coccoid or ovoid-shaped and occurred singly, in pairs or as short chains ( Supplementary Fig. S1 , available in IJSEM Online). Pinpoint colonies on MRS agar plates were white and opaque with a diameter ,0.4 mm (Supplementary Fig. S2 ). The novel isolates were able to grow at pH 4 and in 3 % (w/v) NaCl but not above 40 u C. Strains NJ 317 T , NJ 414 and NJ 415 displayed the same phenotypic characteristics as each other except in their ability to ferment gluconate. These phenotypic characteristics were also similar to those of type strains of members of the genus Lactococcus with respect to the fermentation of D-glucose, D-fructose, D-mannose, glycerol, erythritol, D-arabinose, L-xylose, adonitol, b-methyl-xyloside, L-sorbose, rhamnose, dulcitol, myo-inositol, methyl a-D-mannoside, glycogen, xylitol, D-lyxose, D-tagatose, D-fucose, L-fucose, D-and L-arabitol, 2-ketogluconate and 5-ketogluconate. As shown in Table 1 , strains NJ 317 T , NJ 414 and NJ 415 were different from type strains of other members of the genus Lactococcus in their ability to ferment starch. In addition, these isolates were positive in API ZYM tests for acid phosphatase and b-glucuronidase activities but negative for leucine aminopeptidase.
Fatty acid profiles of strains NJ 317 T , NJ 414 and NJ 415 contained saturated and unsaturated straight-chain components and a summed feature fatty acid. C 18 : 1 v9c (56.3-58.4 %), C 16 : 0 (16.5-19.0 %), C 14 : 0 (5.1-8.4 %) and summed feature 10 (C 18 : 1 v11c/v9t/v6t) (12.6-16.2 %) were the major components present in the three strains. The fatty acid profiles of the three novel strains were similar to those of type strains of species of the genus Lactococcus and, therefore, supported their affiliation as members of the genus Lactococcus ( Supplementary Table S1 ). Based on their morphology and biochemical properties, the three novel isolates were considered to be typical LAB. As shown in Table  1 and Supplementary Table S1 , the strains were phenotypically similar to species of the genus Lactococcus but they differed from reference strains in their ability to ferment one of the sugars tested. It was therefore hard to distinguish these strains from other species of the genus Lactococcus based on physiological and biochemical characteristics alone.
A phylogenetic tree (Fig. 1) was reconstructed from evolutionary distances using the neighbour-joining method. Phylogenetic analysis grouped strains NJ 317 T , NJ 414 and NJ 415 with members of the genus Lactococcus. The novel strains formed a well-defined monophyletic cluster with three subspecies of Lactococcus lactis, supported by a bootstrap value of 100 % (Fig. 1) . L. lactis subsp. hordniae JCM 1180 T was the closest phylogenetic relative of the three novel strains with 94.5 % 16S rRNA gene sequence similarity and 100 % bootstrap support. Ribotyping was applied to investigate the relationships between NJ 317 T , NJ 414, NJ 415, L. lactis subsp. hordniae JCM 1180 T , L. lactis subsp. lactis JCM 5805 T , L. lactis subsp. cremoris JCM 16167 T and Lactococcus garvieae JCM 10343 T (Supplementary Fig. S3 ). The ribotyping patterns revealed that strains NJ 317 T , NJ 414 and NJ 415 formed a distinct group, which was wellseparated from the three subspecies of L. lactis and L. garvieae JCM 10343 T . The ribotyping patterns also showed that the three subspecies of L. lactis fell into a distinct cluster, which was consistent with the grouping in the phylogenetic tree (Fig. 1) based on 16S rRNA gene sequences and with the sequence similarity values.
DNA base compositions and the results of DNA-DNA hybridization studies are shown in Table 2 . Strains NJ 317 T , NJ 414 and NJ 415 had a DNA G+C content of 42.1-42.5 mol%, which is within the range seen in other members of the genus Lactococcus (39-45 mol%). The three novel strains had DNA relatedness values of 96.6-98.2 % with each other, suggesting that they belonged to a single species. This was supported by DNA relatedness values of ,20.2 % with the three subspecies of L. lactis and ,15.6 % with type strains of other species of the genus Lactococcus.
The tree topology, based on 16S rRNA gene sequence analysis, indicated that strains NJ 317 T , NJ 414 and NJ 415 appeared to be only loosely associated with the species Lactococcus lactis and L. garvieae. As shown in Table 2 , NJ 317 T had low levels of DNA relatedness (,20.2 %) with the three type subspecies of L. lactis, L. garvieae JCM 10343 T and with other type strains of previously described species, supporting the conclusion that they represent a distinct species. On the basis of their phenotypic and genotypic Growth at/in: 10 u C + 2 2 2 + 2 2 2 2 40 u C 2 + 2 2 + 2 2 2 W 3.0 % (w/v) NaCl + 2 2 2 + 2 + 2 2 6.0 % (w/v) NaCl 2 2 2 2 W 2 2 2 2 pH 4.0 + 2 2 2 2 2 2 2 2 pH 4.5 + 2 W 2 2 2 2 2 2 pH 5.0 + 2 + W + 2 2 2 2 Acid production from:
Ribose + + 2 2 + 2 2 2 2 Cells are Gram-reaction-positive, catalase-negative, nonsporulating, non-motile, coccoid or ovoid-shaped, facultatively anaerobic and homofermentative, growing well anaerobically on MRS agar at 30 u C, and occur singly, in pairs, or as short chains. Pinpoint colonies on MRS agar plates are white, opaque and,0.4 mm in diameter. Grows at pH 4, at 35 u C and in 3 % (w/v) NaCl but not at pH 3.5, at 40 u C or in 6.5 % (w/v) NaCl. Acid is produced from ribose, mannitol, starch and b-gentiobiose but not from D-xylose or amygdalin. The major fatty acids are C 18 : 1 v9c, C 16 : 0 , C 14 : 0 and summed feature 10 (C 18 : 1 v11c/v9t/v6t). The DNA G+C content is 42.1-42.5 mol%, as determined by HPLC. The type strain, NJ 317 T (5JCM 16395 T ), was isolated from a sample of Chinese cabbage (Brassica rapa L. var. glabra Regel) taken from a local commercial vegetable food factory in Fujinomiya (near Mount Fuji), Shizuoka, Japan. 
